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RADIATION CURABLE COMPOSITIONS BASED ON UNSATURATED POLYESTERS AND COMPOUNDS 

HAVING AT LEAST TWO VINYL ETHER GROUPS 



BACKGROUND AND FIELD OF THE INVENTION 

s The present invention relates to liquid, radiation curable compositions, particularly coating compositions, 
containing an unsaturated polyester component in combination with compounds containing at least two vinyl 
otttor Qroups. 

The use of radiation curable coating compositions based on unsaturated polyesters Is limited by the 
rate of radiation cure and degree of radiation cure in air of known compositions containing unsaturated 
to polyesters. For example, liquid films of known unsaturated, polyesters cured with styrene typically require 
doses of to to 20 megarads of Ionizing radiation (electron beam) for cure or. when cured using actinic 
radiation (ultraviolet light), cure at typical rates of from 5 to 10 feeWmimrte/tamp upon «*«^ to " ltr £^ 
fight (UV) from a medium pressure mercury vapor lamp operating at 200 watts/inch 
inches from the surface of the wet film. Also such krwwn compositions tend to exhibrt dl^^ 

" ^iSSSi. primarily directed to ^'^^SS^St 
compo^Wbased on unsaturated polyester polymers and unsaturated polyester ohgomers. Other objects 
of the invention will become apparent to the reader infra. 
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SUMMARY OF THE INVENTION 



30 



The present invent is for a 

<Smponent provided that the vinyi ethercompo- 



DETAILED DESCRiPTION OF THE INVENTION 



OS 



46 



SO 



A compos.cn 'Jfjttgte 

roll coating, curtain coating, ^**°^^£Z S S 20 0^ Sntipoises (cp). preferably 
invention will have a viscosity at 25 li ^^J^T 1 ^ > Z^ whichis present in a liquid 
from 200 to 4.000 cp. Moreover. ^g^^SS P^estor component is available for 
composition of the invention in combi^w me unsani ^ ' polyester component 

curing (crossfinking) with V^™"^*^ SouTredStton 3 composition comprises an 
The unsaturated polyester component 1^ J5S un^reted?potyester resin can be an unsatu- 
rated polyester resin. The ^^J^^l^TmZ hereof. The preparation of ^ 
rated polyester polymer, an unsa^ated^polye^ J^^poVcarboxyllc add or anhydride with *f 
unsaturated polyesters. taM^* 1^ p^isTmS unSed polyesters Include batch ^ 

JSeTfrom unsaturated afkyd '^^TS^^SS oSntily are esterification products of 
Unsaturated festers for ^f^P^^l^J^^^ShS, (organic polyols). Usually, w 
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or its anhydride, is utilized as a starting reactant Examples of unsaturated dicarboxylic aads and 
anhydrides include: maleic. acid, maleic anhydride, furnaric acid and .itaconfc acid. Maleic anhydnde is a 
desirable dicarboxylic component to make the unsaturated polyester resin dqee it is relatively inexpensive. 
However, the maleate esters do not copolymer** with monomers such aTvihyl ethers as readily as do the 

s fumarate esters (i.e.. esters derived from the trans isomer of maleic acid. he., fumanc acid). Accordingly, 
fumarate esters are preferred for making the unsaturated polyester for a composition of the inventon. 

Unsaturated polyesters for a composition of the invention, where desired, also can be prepared utilizing 
a saturated polycarboxylic acid as a portion of the polycarboxyflc compon^ Preferred unsaturated 
polyester resins for the present invention, however, typically are prepared utilizing ,ust the unsaturated 

,o Polycarboxylic add or its anhydride with the polyhydric alcohol component Examp es of saterated 
SyctSxylic adS which optionally may be used indude: phthalic add. Isophthalic add. ^erephthahc ^ad. 

tetrahydrophtnalic add. hexahydrophthafic add. teti^k^phthdte ^^^^ 
aid sebadc add. sucdnic acid. glutaric add. malonic add. pimelic acid, subencw ^Ji^SSSl 
add. 3,Wimethylglutaric acid, and 2^-dimethykjtutaric add. Of course, anhydrides of the aforementioned 

75 iTJ^^ctS^Sor preparing the unsaturated polyester resin indude: diethylene 

g^tX^K 
Jemaerymritd. sorbitol. l.6^xaned 

1^s(hydrox>^yl)^ctohexane. and _ 0-™^ poi y0 | S which are diols are pre- 

forred. Diethylene glycol is "l^S 2may be employed In the preparation 

While organic polyols having a W^******^ portion, if not all of the unsaturated 

of the unsaturated polyester resin^ ^ pelerredtfiati^r^^u« hence we preference for 
polyester resin, be comprised of unsaturated polyester molecules wn.cn are 

25 dids. t^xtor rasins suitable for a composition of the invention may 

The molecular weight of ""grated f^^es^s wmrn^ as measured 

vary vride.y. However, generally** ^^SS^aSa^ from 800 to 50.000. preferably of from 
by gel permeation chromatography using a^ry^«an«*a polycarboxylic compo- 

1^00 to 5.000. The unsaturated^lyesterr^ns^y * PJP^* JJ*^ ^ ^ 165 ' c 

and stannous fluoride. lnMr Mnn utilize a vinyl ether component that provides an 

as Radiation curable compositions of the pr~nt Investor, utitize a « y ^ ^ ^ 

average of at least two vinyl ether groups per r ~^^7 "f Hustra ^, for example. In Example 8 
component may be separate from, or s^**™^^* JrJ e *er component are different from 
2T •» ""saturated component The «^^.^ n ^^„e of the unsaturated polyester (e.g.. - 
L axurab* with the ^lenica^ly uns^rate^ties.n ^ unsaturated polyester). By 

<o provided from, the residue of "."^^^^^^th ethylenic unsaturation derived from the 

L 45 of the invention either prior to or at the ^J^Jr"* -^ponem are employed In Ihe liquid compos- 
45 The vinyl ether component and uns ^J^ V ^STvia reaction of ethylenic unsaturation 
tion of the invention In relative amounts to Pjwde ^ ^ by ^ vinyl e*er 

provided from the unsaturated « * examp,e up0 ° 8XPQ T^ S 

component upon free-radical curing of ^^"^S^ of the invention the ratio of carbon-cart»n 
50 SaTrJiation or ultraviolet light ^^^J m ^^JZc^ double bond equivalents from 
double bond equivalents from the ^'^^^o^ably from 0.25:1.0 to 1.1:1.0. For most 
me unsaturated polyester company HH»mCUUJ tot A ^J**^ ^ ^ equlvatentenot go 

S^u^nS 
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be employed in this embodiment of the, invention provided that the vinyl ether compound contains at least 

two reactive vinyl ether groups. 

Examples of vinyl ether compounds include vinyl ethers made in known manner from di-. tri- or tetra- 

functional organic polyol, acetylene and a basic catalyst under high pressure. Specific examples include? 
s tripropylene glycol dMnyl ether, diethylene glycol divinyl ether, 1 ,4-butanediol divinyl -ether, tetraethylene 

glycol divinyl ether and the like. 

In another embodiment of the invention, vinyl ether groups Of the vinyl ether component are structurally 

incorporated in the unsaturated polyester component For example, a hydroxy functional vinyl ether such as . 

hydroxy butyl vinyl ether can be reacted with an organic diisocyanate such as tsophorone diisocyanate in a 
to stoichiometric ratio (e.g.. motes OH/moles NCO of about 12) to provide a half-capped isocyanate adduct 

Thereafter, residual isocyanato functionality of the half-capped diisocyanate can be reacted with hydroxyl 

functionality provided by an unsaturated polyester polyol (for example prepared by reacting unsaturated 

carboxyiic acid or anhydride with excess polyol) so as to structurally incorporate an average vinyl ether 

functionality of at least two in the unsaturated polyester component Examples of unsaturated carboxyiic 
is acids and unsaturated carboxyiic acid anhydrides as well as organic polyols suitable for preparing hydroxy l- 

functional unsaturated polyester resins include those described herein previously. Examples of organic 

diisocyanates include: toiuene-2.4-diisocyanate. toluene-2.6-diisocyanate-. and mixtures thereof: 

diphenylmethane-4,4'-diisocyanate «phenylmethane-2.4'-diisocyanate and mixtures thereof; para-phenytene 

diisocyanate; biphenyl diisocyanate; 
20 3.3'-dimethyl-4,4'-diphenylene diisocyanate: 

tetramethy!ene-1 ,4-diisocyanate; hexamethylene-1 ,6-diisocyanate; 

2^.4-trimethylhexane-1.6-diisocyanate; lysine methyl ester diisocyanate; 

WsOsocyanatoethyOfumarats; isophorone diisocyanate; ethylene diisocyanate; dodecane-l.12-diisocyanate. 

as c^tohe^l^iSan^. cyclohexane-1 .diisocyanate and 'mixtures thereof; methytayclonexy. 

nexahyd^iuene-a.diisocyanate. . hexahydrotoluene-2.Miisocyanate and mi *^*L. there0f: 
SxahvdroDhenytene-1 ,3-diisocyanater hexahydrophenylene-1 .4-diisocyanate and mixtures thereof ; 
SSS^2^iisoc^anate. perhydrodiphenylmethane^.4 diisocyanate and judures 

an averaoe vinvl ether functionality of at least two. usually is free of unreacted NCO groups. 

S /^S curat* composition of the invention additionally may contam o*er 

ethyteS unitized monomers or ofigomers examples of which include: other vtayt 

Sri i acetate Srene vinyl toluene, divinyl benzene, methylvinyl ether, ethylvinyl ether and butyWinyl ettien 
3s as methyl (methjacrytote. ethyl 

SIS T^htecrvlate isobutvl <meth)acrylate. 2-ethylhexyl (methfecrylate. 2-hydroxyethyl (meth)acrytate. 

S SK^^^ diethytene; glycol ^^J^Si 

2£?!« SnSSaie alvcerol dKmethWrylate. glycerol tri(meth)Scrylate. 1,3-propyiene glycol di(meth>- 

l.^utanedio. d.KmethJacry.ate. 1 A^utoteWo. Jjmettjy- 
An , ^Sol di(me1h)acrylate. 1.4-cyclohexanediol di(meth)acrylate. l.-WsenzenedKJl dimettO- 

Sale! peSS teCSrylate. lJUntanedio. dl(meth)acry<ate. tHrnethyteipropane di<meth)- 

l^^^yXZ^^^ Uspnenol-A^lyddy^ 

so Sslmethjacrylamide. bis(gamma.(meth)acrylamidepropoxy) ethane and bete«meth)acry.am.de 
^Sa^mposrtions of the invention are particularly suitable for 'cure by exposure to *nl*ng radiation 
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in rads for curing a composition of the invention will vary, depending on such factors as the particular 
formulation of the radiation curable composition, thickness of the applied layer of coating composition on 
the substrate, temperature of the composition, and the like. However., an advantage of compositions of the 
invention is their excellent degree of cure at low doses of electron beam radiation. Generally, a 1 mil thick 
s wet film of a composition of the invention can be cured in air through its thickness to a tack-free state upon „ 
exposure to from 0.5 to 5 megarads of ionizing radiation. 

Ultraviolet radiation from any suitable source which emits ultraviolet light having a wavelength ranging 
from about 180 to about 400 nanometers may be employed to cure a composition of the invention. Because 
such ultraviolet Tight possesses Insufficient energy to produce Ions In a medium composed of common 
io materials such as air or water, it is considered to be nonionizing radiation. Suitable sources of ultraviolet 
light are generally known and include, for example, mercury arcs, carbon arcs, tow pressure mercury lamps, 
medium pressure mercury lamps, high pressure mercury lamps, swirt-ftow plasma arcs and ultraviolet light 
emitting diodes. Preferred are ultraviolet light emitting lamps of the medium pressure mercury vapor type. 
Such lamps usually have fused quartz envelopes and are ordinarily in the form of long tubes having an 
, 5 electrode at both ends. Typically, preferred medium pressure mercury lamps usually employed to cure a 
composition of the invention have outputs of about 200 watts per inch across the length of the tob* Another 
advantage of compositions of the invention is their excellent degree of cure in air at relatively low energy 
expTsure in ultravSet light Generally, a 1 mil thick wet film of a in 
farther comprises a photocuring promoter such as a photoinrtiator and/or a photosensrtizer. can be cured in 
. ^uTS^ess tc a Sk'rTstate upon exposure to ultraviotet light ^J^^** 

20 feet per minute or more under four or fewer medium ^^^J^^i ^Sn^ 

watts perinch at a distance of 4 inches from the surface of the wet film. Pnotoiratiators ^ photosenjtizere 
fofSseTn ttarttt light curable compositions are generally known in the art of UV curabte cempc^onj 
of photosensitizers include benzophenone. anthraqulnone. ^J^^SSZ^ 
pSnitiators include isobutyl benzoin ether, mixtures of butyl isomers of butyl benzoin ether. alpna.alpha- 

can be found in U.S. Patent No. 4.017.652. ■ . ' invantion by UV and/or ionizing 

Although it is particularly preferreC I to ™"Zf^j!J£ Ta Sm3 free radical" initiator. 
M radiation, where desired, they may be thermal Y ^"^^^^ ™ lyQ sters. some specific 
Examples include the generally ^£^£^5 Stone peroxide, cumene 

examples of which include pyxides soc+^be^^^ peroxide and 

hydroperoxide, cyclohexanone peroxide. 2.4^ichlorobenz<^l perowoe. ois«wrornu h- 

composition with ultraviolet light, the ^^^•'l.^L ^ pigment does not substantially interfere 

• The phrase "ultraviolet light transparent- ^*™%t£X£i pigments include: talc, calcium 
with UV curing of the composition. Examples of » ,t ?^ s 3^ c ^ Si0a r ^ng pigments generally 
carbonate, aluminum silicate. SSStoTS^L* or block ultraviolet light 

* employed to impart color in ^^^SS some degree of color tinting of 
thereby interfering with UV cunng of ^^IS^SS typically are employed in only limited 
the composition is desired, such conventional coloring pigments typicaiiy 

amounts when cure is to be effected ««*B fi 'especially useful as radiation curable 

The liquid, radiation curable compose! ^^^^^ of which include wood. 

remove solvent if desired and I then purpose 0 , ; ^ illustrating the nature of the 

55 The examples which follow are submitted for tne purpose 

invention in its preferred embodiments. avamo| „ „ d cl8lm8( a„ percents. ratios and parts are by 
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EXAMPLE 1 



This example illustrates the preparation of an unsaturated pplyester resin utilized in a coating 
composition of the invention. 

A reaction vessel equipped with means for steam distillation and a nitrogen sparge Is charged with 
1710.9 grams (g) fumaric acid, 1107.5 g propyleneglycol. 463.5 g diethyleneglycoL 0.65 g methyl p- 
benzoquinone. 3.2 g dibutyltin oxide and 3.0 g triphenyl phosphite. The charge is gradually heated to 212 
degrees Celsius (" C) while a total of 362 milliliters (ml) of distillate containing water is removed at a head 
temperature not exceeding 100* C. The resulting product is an unsaturated polyester resin having an acid 
value of ai and a Gardner-Hoktt bubble tube viscosity of E- at <W percent by weight solids in 
ethyleneglycol monoethyl ether. The unsaturated polyester is cooled to 80* C at which temperature 30.0 g 
of N-hydroxyethyJ ethylenimine is added to the polyester resin. The N-hydroxyethylethylenimine is reacted 
with the unsaturated polyester until the acid value of the product stalls at a value of 3.4. 



EXAMPLES 2 and 3 



20 These examples illustrate the preparation and radiation curing of two coating compositions of the 

inVe T^*coating compositions of the invention are prepared by mixing the ingredients set forth in the 
following TABLE 1. 



25 



TABLE 1 



30 



Composition 


Amounts in grams 


Example 2 


Example 3 


(1) Unsaturated Polyester of Example 1 
(2>Triethyienegtycol divinylether 

(3) alpha^pha-OiettWDxyacetophenone 1 

(4) Benzophenone 2 


75.0 
25.0 
0.0 
0.0 


75.0 
25.0 
2.0 
2.0 



35 



1 A phototnttiaior. 

2 A photosensitizes 



40 



Each of tour samples of the common - ^JS***^ 
and two samples of the exposition of Example * f? SSSTu mils (0.064 mm). The 
with a 5 mil bar on filled parttdeboard to prov.de wet.films having a thickness or mis v 
films are cured as set forth In the following TABLE 2. 
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Sample 
2a 



2b 



2c 



2d 



3a 



3b 



TABLE 2 

Curing Conditions 
Electron beam (EB) in. 
nitrogen 6 3 megarads (MR) 1 



EB In nitrogen € 2 MR 



EB in air g 3 MR 



EB in air € 3 MR followed 

by ultraviolet light (UV) 

2 

air (4 lamps; 40 ft/min) 



UV in air (4 lamps; 40 ft/min) - 



UV 



in air (4 lamps; 60 ft/min) 



Remarks 

Results in a hard, 
tough, highly glossy, 
somewhat brittle film. 
Results in a hard, 
tough, highly glossy, 
somewhat brittle film. 
Results in a highly 
glossy film with good 
through-cure (slightly 
"greasy* 1 surface). 
Results in a hard, tough 
film with slightly -lower 
' gloss, slight initial 
mar and slight 
mottling. 

Results in a hard. $ 
tough, highly glossy 
film with no mottling. 
Results in a hard, 
tough, highly glossy 
film with no mottling. 
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The film is Irradiated in an atmosphere containing nitrogen with a 

total dose of 3 megaxada of electron beam radiation. 
2 

The film is first exposed to a total dose of 3 negarads of electron 
beam radiation in aablent air followed bjr exposure to ultraviolet light 
by passing the film at a rate of 40 feet per minute beneath 4 medium 
pressure, mercury vapor lamps each operating at 200 watts/ inch at a 

distance of four inches from the surface of the film. 

■3 

The film is irradiated with ultraviolet light by passing the film at 
a rate of 40 feet per minute beneath 4 medium pressure, mercury vapor 
lamps each operating at 200 watts/inch at a distance of four inches from 
the surface of the film. 

4 Same as footnote 3 except a speed of 60 feet per minute is utilized. 

It should be noted that all of the films from Samples 2a. 2b. 2c. 2d. 3a and 3b additionally post-cured In air 
to even harder films. 

EXAMPLE 4 



This example illustrates the preparation of an unsaturated polyester resin utilized in coating composi- 
35 tions of the invention and in a comparative coating composition. . 

A reaction vessel equipped with means for steam distillation and a nitrogen sparge is charged with 1 180 
g (10 moles) tumeric add, 1484 g (14 moles) dtethyteneglycol and 0.6 9^^"^ J 
flradually-heated to 209 degrees Celsius (*C) while a total of 381 ml of d-sallate conte^ng water is 
n^^ aTThead temperature not exceeding 102* C. The resulting product is an unsaturated polyester 
M ZSZS^mSA value of 3.6; a Gardner-Holdt bubble tube viscosity of Z-: a weight average molecuter 
35JTwi" measured by gel permeation chromatography (QPC) using a polystyrene standard, and a 
polydisperstty index of 3.18. . _ 

EXAMPLES 5, 6 and 7 

■thw. «xan>|*» HlusraB the oreparaion and radttSoo curt* ol t«o cwtog composWOM ofth. 
(Example 7) are prepared by mixing the ingredients set forth in the following TABLE 3. 
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TABLE 3 



Composition 


Amounts in grams 


Example 5 


Example6 


Example 7 


(1) Unsaturated Polyester of Example 4 


75.0 


75.0 


0.0 


(2) Triethytenegtycol divinylether 


25.0 


25.0 


10.0 


(3) teobuty I benzoin ether 1 


0.0 


2.0 


0.2 


(4) Benzophenone 2 


0.0 


2.0 


02 



1 A photoinitiator. 

2 A photosensitizes 



Two samples of each of the compositions of Examples 5 through 7 (herein designated Samples 5a, 5b. 
75 6a, 6b. 7a and 7b respectively) are drawn down with a 5 mil bar on filled particleboard to provide wet films 
having a thickness of 2.5 mils (0.064 mm). The films are cured as set forth in the following TABLE 4. 
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Sample 
5a 



5b 



6a 



6b 



7a 
7b 



Curing Conditions 

EB in nitrogan 8 3 MR; 



EB in nitrogen 8 2 MR 



UV in air | (4 lampa; 
40 ft/min) 3 



UV in air (4 lamps; 
80 ft/pin 4 



EB in nitrogen € 3 MR' 
UV in air 
20 ft/min) 



UV in air (4 lamps; 

,6 



TABLE 4 

Remarks 

Results in a very hard, mar-free, 
highly glossy, film having good 
film integrity, best gouge 
resistance and least btlttleness 
of the Samples. 
Results in a hard, mar-free, 
highly glossy, somewhat brittle 
film having fair to good f 11a 
integrity. 

Results in a very hard, mar-free, 
highly gloesy, brittle film having 
excellent film integrity. 
Results in a hard, highly glossy, 
brittle, film having good film 

integrity and variable mar. 
> Did not cure. Remains wet. 

Did not cure: Remains wet 



I 



the film i- irradiated in an atmoaphere containing nitrogen with a total 
dose of 3 megarada of electron beam radiation. 

2 Same as 5a except 2 megarads is used. 

3 The <ilm la irradiated with ultraviolet li*ht by passing the film at a 
r .ee of 40 f.et per minute beneath 4 medium pressure, mercury vapor lamp, each 
operating at 200 watts /inch at a distance of four inches from the surface of 
th. fila. 
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4 
5 
6 



Saoe aa 6a except a apeed of 80 feet par ainute la uaed. 
Saae .ita Sa. 

Saae aa 6a except a spaed of 20 feet per ninute ia uaed. 



s 
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EXAMPLE 8 

This example illustrates (a) the preparation of an unsaturated polyester resin, (^e pr^ation of a 
"half-capped- isocyanate. (c) the preparation and radiation curing of a potyester urethane composrton of 
trie invention having, an average of two vinyl ether groups per molecule. ^..^ 

TrTreS^sse Equipped with means for steam distillation and a nitrogen sparge Is charged 
with 3920 ^g^l^maSo hydride. 638.0 g (6.0 moles) diethylenegiyco. 1.0 a.WM*^ 

viscosity of Z4+ .and a M~xy^ejO* 158^ _ blanket « nttr0 gen is charged at ambient 

fb) A reaction vessel equipped with means tor maintaining awnw w "^V^?^^^,. 
tempelre with 444.0 g (2.0 ^HsopJ^^^and^O^ 

phenol. The charge is heated to 41 C at ^Jf"^^^^^^ ' C unfl a toW of 232.0 
etheris begun. Thedn^sea^ 

g of the, 4-hydroxybutyl vinyl ether has been addea. '^•*™ u "« 

capped" with the vinyl ether, is allowed tocool to .^capped' diisocyanate of part <b) 

^Hc) A taction vessel^ ^^^^TJ^ J^^^ ^addition of the 
immediately abovei The charge Is ^J^^^Jj^^on is continued over 2 hours 
unsaturated polyester poiyo. ±^^^Z1^Cu^T^^A g (2.0 equivatents) ol the 
while maintaining the temperature between 68 and 74C unm ax a composition of the 

unsaturated polyester poiyo« has been ^^^^T^ *^uct showVno residua, 
invention. Is allowed to cool to room ^^T^^STts-; apeaimotecular weight of 1788. 

T.percentby^ghtof^^^ 

to UV nght from four medium pressure ^^Jr^S^amps atie rates set forth in 
S.M=K ^X^^ - — d ,n TABLE 6. 

TABLES 



50 



55 



Line Speed 
(Feet/Minute) 


Remarks 


40ft/min 
60ft/min 
80ft/mln 
100 ft/min 


Cured film does not mar. 
Cured film does not mar. 
Cured film mars slightly. 
Cured film mars. J 



maintained at 120* F (48.8* C). 



EP 0 322 808 A2 



Claims 



1. A liquid, radiation curable, composition comprising: an unsaturated polyester component comprising 
an unsaturated, polyester polymer, an unsaturated polyester oligomer or a mixture thereof; and a non- 

s polymerized, cocurable vinyl ether component which may be separate from or structurally incorporated in 
said unsaturated polyester component, provided that said vinyl ether component contains an average of at 
least two vinyl ether groups per molecule of -said vinyl ether component 

2. The composition of daim I wherein a 1 mfl thick wet film of said composition crosslinks in air 
through its thickness to a tack-free state upon exposure to from 05 to 5 megarads of ionizing radiation, or. 

to provided said composition further comprises a photoWtiator. upon exposure to ultraviolet light by passing 
said 1 mil thick wet film of said composition containing said photoinitiator at a rate of 20 feet per minute or 
more under four or fewer medium pressure mercury vapor lamps operating at 200 watts per inch at a 
distance of 4 inches from the surface of said wet film. 

3 The composition of claim 1 wherein the ratio of carbon-carbon double bond equivalents of said vinyl 

is ether groups to carbbn-earbon double bond equivalents from said polyester, is in a range of from 0.1:1.0 to 
1.5:1.0. 

• 4. The composition of claim 3 comprising a photoinitiator. 
5. The composition of claim 3 cwnprislng a thermal potymerizafion inhibitor. 

6 The composition of claim 3 wherein said unsaturated polyester component comprises an unsaturated 
20 polyester polymer having a peak molecular weight as measured by gel permeation chromatography using 

a polystyrene standard, in a range of from 800 to 50.000. 

7 Composition of claim 6 wherein the ratio of carbon-carbon doubte bond e^*^ 0 '^™*' 
ether groups to^axbon-carbon double bond equivalents of said polyester Is in a range of from 0.25.1.0 to 

* 11:1 8°The composition of claim O wherein said unsaturated polyester ^^^2 
polyester polymeTnaving a peak molecular weight as measured by gel permeahon chromatography using 

• s: rsyjsrst- — - r — 

^ITT^^^^ IZSXZ*** an unsaturated. 

30 pJeL^yn^^^ 
component „ - . ■ 

11. A method ofcoatingj^npnang: ^ ^^-composition containing an unsaturated 

40" radiation and/or ultraviolet light 

.• - * «.i aim 11 wherein the ratio of carbon-carbon double bond equivalents of said vinyl 
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19. The method of claim 11 wherein said unsaturated component comprising an unsaturated polyester 
polymer. , an unsaturated polyester oligomer or a mixture thereof is separate from said vinyl ether 

C0m 20 >n /I substrate having therein a cured film comprising: an unsaturated polyester component of an 
unsaturated polyester polymer, an unsaturated polyester oligomer or a mixture thereof crosslmked v.a 
reaction of ethylenic unsaturate from said unsaturated polyester, component with vinyl unsa^tion from 
said vinyl ether component which vinyl ether component prior to crosannWng. was ^^j™^ 
s^ucturaHy incorporated in said unsaturated polyester_component wherein said vinyl ether component 
cSed an ave^e of at toast two vinyl ether groups per molecule of said vinyl ether component 
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